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Abstract 
This paper deals with the effect of (i) damage experience from extreme weather 
events and (ii) expectations concerning future climate change on subjective well-
being (SWB). We use data of a large representative survey amongst German 
households. The effect of experienced weather events on SWB of the heads of the 
households is only significant for heat waves; not for storms, heavy rain, and floods. 
Concern about future climate change on the household level has a substantial 
negative impact on current SWB. Moreover, we divide the impact of experience into 
direct effects of damage and indirect effects, which affect current SWB via the 
channel of expectations regarding future climate change. Both direct and indirect 
effects of weather experiences are quantified. It becomes apparent that the indirect 
effect is significant but small compared to the direct effect. 
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1. Introduction 
Climate change and extreme weather events such as heat waves, storms, and floods 
affect the living conditions of private households and individuals worldwide. Climato-
logists expect an average global temperature rise of 1.0 to 3.7°C by 2100 relative to 
1986-2005 (IPCC 2013), which is likely to imply an increase in frequency and severity 
of extreme weather events (Field et al. 2012). This paper deals with the effect of 
extreme weather events and climate change on subjective well-being of individuals 
(SWB). We analyse the SWB-effects of (i) weather-related material and health 
damage experiences and (ii) expectations about future climate change. While the 
experience analysis focusses on the role of past events for current SWB, the 
expectations of climatic conditions take account of the individuals’ current concerns 
regarding future effects of global warming. 
While there is body of literature available on the SWB-effects of weather events, we 
are not aware of any study which has tested the role of expectations about future 
climate change for current SWB. It is, however, a plausible hypothesis that relatively 
high concern (i.e. expectation of negative impacts of climate change) goes along with 
a significant downward shift in current SWB. We will test and quantify this effect by 
using two formulations of the concern variable, each focusing on a different aspect of 
future climate change. 
Beside the separate analysis of the effects of experiences and expectations, it is an 
interesting question how these two dimensions of climate change perception interact 
with each other. In the literature on climate change risk perception, it is shown 
empirically that experiences with extreme weather events imply higher concern about 
future global warming (Akerlof et al. 2013, Whitmarsh 2008, Bichard and 
Kazmierczak 2012). If this relation is present, the effect of damage experience on 
SWB may be separated into a direct and an indirect effect – the former as the 
immediate effect of a negative event, the latter as a collateral effect via an 
experience-driven concern about future climate change. Hence, the introduction of 
concern about future climate change into happiness research allows a deeper 
analysis of the interactions of damage experience, concern about future outcomes, 
and SWB.  
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Figure 1 depicts the hypothesised relations between damage experience, climate 
change expectations, and SWB. 
 
Figure 1: Hypothesised effects between past damage experience, expectations of future climate change, and 
subjective well-being. Direct relationships are depicted by solid arrows, indirect ones by dashed arrows. 
As for the effect of experienced extreme weather events (EWE) on SWB, there is a 
growing body of literature.1 Amongst the most harmful extreme weather events are 
typhoons and hurricanes as recently demonstrated once again by typhoon Haiyan in 
the Philippines. A study conducted by Kimball et al. (2006) shows in the case of hur-
ricane Katrina that people report lower levels of life satisfaction even though they 
were not personally involved but informed about the hurricane and its consequences. 
Floods cause human and material losses. Luechinger and Raschky (2009) find in a 
panel regression analysis with 16 European countries between 1973 and 1998 a 
negative impact of floods on SWB and calculate on the basis of the life satisfaction 
approach a monetary value of 6.505 US dollar to compensate an individual for a sure 
flood event. Not only too much precipitation but also a lack of it has detrimental ef-
fects if the occurrence of droughts leads to direct and indirect losses in the agricul-
tural sector. In this context, Carroll et al. (2009) estimate a negative effect of a spring 
drought that is comparable to 14.500 US dollar for a person living in a rural area of 
Australia. Additionally, forest fires as a result of droughts evoke diverse damages for 
humans and nature like losses of human lives, animals, and land use. In a study 
covering South and West Europe, Kountouris and Remoundou (2011) find - despite 
1 Welsch and Kühling (2009) give an overview about some of the following EWE papers and discuss them in 
more detail in an environmental valuation framework using the happiness approach. An update of the 
literature review is available in Welsch and Ferreira (2014). 
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problems in measuring damage experience - a significant negative effect of a fire 
incident on life satisfaction valued with 2.900 US dollar for a representative Spanish 
household. 
Regarding the effects of climate on SWB that are typically addressed by temperature, 
precipitation, sun, and wind variables in a more long-term perspective a wide range 
of literature exists. In an early study on the relationship between climate variables 
and SWB, Frijters and van Praag (1998) identify the costs in Russian regions ex-
posed to adverse climate conditions that are at least partially compensated by higher 
income. Other studies focusing on climate conditions in single countries are: Brereton 
et al. (2008), finding significant positive influence of extreme temperature and signifi-
cant negative influence of wind speed on a highly disaggregated regional level in 
Ireland; Ferreira and Moro (2010), calculating a willingness to pay of 4.230 euros for 
an average individual for a rise in January temperature by 0.3 °C despite accounting 
for possible compensations via housing prices and wages also in Ireland; Cuñado 
and de Gracia (2012), estimating significant negative impacts of July temperature 
and precipitation in Spain; Ambrey and Fleming (2011) detecting a preference for 
seasonal variation and a significant negative effect of sunshine hours in Australia; 
Feddersen et al. (2012) finding climate variables not to be significant determinants of 
SWB as opposed to weather variables in Australia. Additionally to single country 
studies, there are international studies using multi country data like: Grün and 
Grunewald (2010) estimating positive effects of higher temperatures in the coldest 
months and negative effects of cloud covered days in Latin America; Rehdanz and 
Maddison (2005) showing in general that individuals have preferences for lower tem-
peratures in summer and higher temperatures in winter as well as for higher precipi-
tation in the driest months on the basis of 67 countries around the world leading to a 
majority of countries suffering from expected climate change while a minority of 
countries might benefit; Maddison and Rehdanz (2011) arguing more recently on the 
basis of 79 countries that deviations from a base temperature of 18.3°C in both 
directions are associated with significant losses in SWB resulting in highest welfare 
losses for African countries in the context of global warming; Becchetti et al. (2007) 
analysing climate conditions in different cities around the world with negative effects 
of wind speed, number of foggy days, and higher temperatures on SWB and an 
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inverted U-shaped relationship between rainy days and SWB with a turning point 
around 220 annual rainy days. 
Hence, our contribution to the literature is threefold: First, we examine the SWB-ef-
fect of past EWE in Germany (so far the SWB-analyses for Germany have mostly 
concentrated on the impact of long-term climate variables). Second, we quantify the 
relation of concern about future climate change and current SWB. To our knowledge, 
this study is the first attempt in this regard. Third, we disentangle the SWB-effect of 
damage experience into a direct effect and an indirect effect via the channel of ex-
pectations about future climatic conditions.  
2. Theoretical Model 
A key finding from literature on happiness research is that data on SWB may be used 
as an empirical approximation of utility (see for example Frey and Stutzer 2002). 
Given this finding, it is possible to translate the above considerations into the 
following theoretical framework: 
),( ZVfU =  (1a) 
)(VgZ =  (1b) 
whereas U denotes present utility, V stands for damage experience in the past and Z 
for damage expectations in the future. The theoretical model given by equation (1a) 
and (1b) is the mathematical analogue to Figure 1 and provides the theoretical basis 
for disentangling and estimating the effects extreme weather events (EWE) have on 
individual SWB. 
V
Z
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∂
=  (2) 
In equation (2), the left-hand side measures the total effect of EWE. The first sum-
mand on the right-hand side is the direct effect of EWE experience, whereas the 
second summand is its indirect effect via an experience-driven change in 
expectations towards negative climate impacts. It should be noted that the direct 
effect is the marginal utility of experience, whereas the indirect effect consists of the 
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marginal utility of expectation times the marginal effect that experience has on 
expectations. 
3. Data 
We use cross-section data from a survey amongst German households. In total, 
6404 households were interviewed via either an online or TV-based questionnaire. 
As only heads of households have been interviewed, the sample is largely 
representative in terms of households, but not on the level of individuals. The survey 
was conducted in October and November 2012. Towards the end of the survey 
period, the landfall of hurricane Sandy at the US East coast occurred. This event and 
the resulting substantial damages were an important issue in the German media. 
4.4% of the sample was interviewed after the landfall of hurricane Sandy. As a cross-
section, the data set cannot directly depict the time dimension. However, the key 
variables (SWB, experience, expectations) are quasi-temporal by explicitly asking for 
current SWB, damage events in the past, and expectations for the future. An 
aggregated overview of the data and more information on the survey, including the 
questionnaire (in German language) are available in Osberghaus et al. (2013). For 
the present analysis, we use the key variables presented in Table 1 and a number of 
control variables presented in Table 5 in the appendix. In the following, the key 
variables are described in more detail.  
Subjective Well-Being 
SWB is measured by a single question as the first item of the questionnaire. 
Participants were asked to rate their current individual life satisfaction (LS) on an 11-
point Likert-scale ranging from “totally dissatisfied” to “totally satisfied”.2 This 
approach was deemed as a valid and efficient method to elicit SWB i.a. by Diener et 
al. (1985).3 The distribution is left skewed which is a typical pattern for this kind of 
formulation. 
2 This and other questions which are relevant for eliciting the key variables are available in Table 8 in 
the appendix. 
3 From here on, we will use the term “Life Satisfaction” (LS) for approximating SWB. 
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Damage Experience 
For measuring past damage experience, the participants stated whether they have 
suffered any financial or health damage due to heat waves, storms, heavy rains, and 
floods. The terms “heat wave”, “storm”, and “heavy rain” were further explained by 
indicating short illustrative situations how the event may affect personal life. The 
health damage was restricted to cases where participants have consulted a doctor. 
Thus, the data is an objective measure of the stated damage occurrence due to 
weather events, albeit without indicating the severity or time of the damage. This is 
due to the fact that the questionnaire should be kept short and simple.  
Climate Change Expectation 
For measuring expectations regarding future climate change and damages from 
weather events, two different approaches have been used: First, participants rated 
the expected consequences of climate change on their personal living conditions in 
the next decades on a 5-point Likert-scale from “very negative” to “very positive”. This 
approach implies a broad perspective on climate change (without a focus on any 
specific impact), but with the restriction on the personal conditions. Second, the 
participants were asked for their expectation of the global mean temperature change 
from preindustrial time to 2100. 
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Table 1: Descriptive statistics of key variables 
Variable in 
the model 
Variable in the data Mean Median Std. dev. Min. Max. Obs. 
Subjective 
well-being 
(present) 
Self-rated life satisfaction 
(LS) 
7.177 8 1.960 
0 (totally 
dissatisfi
ed) 
10 
(totally 
satisfied) 
6397 
Damage 
experience 
(past) 
Participant has already experienced financial or health damage by… 
… heat wave .040 0 .195 0 (no) 1 (yes) 6366 
… storm .226 0 .418 0 (no) 1 (yes) 6367 
… heavy rain .267 0 .442 0 (no) 1 (yes) 6365 
… flood .115 0 .319 0 (no) 1 (yes) 6368 
Climate 
change 
expectation 
(future) 
Expected consequences of 
climate change on individual 
living conditions in the next 
decades 
3.550 4 .660 
1 (very 
positive) 
5 (very 
negative) 
5336 
Expected global temperature 
increase in °C by 21004 
3.466 3 2.837 -6 20 4926 
 
4. Empirical Strategy 
The empirical analogue to Figure 1 and the theoretical model (equation (1a) and (1b)) 
can be formulated as in the following. First consider equation (1a). Under the 
assumption that data on LS is a proxy for utility that can be used as dependent 
variable, given that data on damage experience is a binary variable and data on 
damage expectations is an ordinal variable with five values, the empirical analogue to 
equation (1a) is 
ii
j
ijjii XDELS εδγβα +⋅+⋅+⋅+= ∑
=
5
1
 (3) 
1=ijD   if   jCi = ; otherwise  0=ijD  
, where iE  is a dummy variable taking the value of one if observation i  has 
experienced any climate-related damage. ijD  is a set of five dummy variables which 
take the value of one if observation i  exhibits damage expectations ( iC ) of the level 
4 The raw data of the temperature change vary between a temperature decrease by 40°C and an increase by 
50°C. To clean the data from presumably non-serious answers, we only include observations between the 
percentiles .5 and 99.5 of the distribution (which means in total one percent is defined as outliers). Robustness 
checks with the full sample have been conducted, see footnote 7. 
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j , where 5,...,1=j . The parameters α , β , jγ , and δ  are coefficients which can be 
estimated. To avoid perfect multicollinearity one of the jγ  has to be set to zero (in the 
following, 03 =γ ). iX  denotes a set of control variables and iε  the error term. Then, 
two testable hypotheses can be formulated with respect to equation (3): 
Hypothesis a) Individuals who have suffered financial or health damage from extreme 
weather events in the past tend to exhibit lower LS today (β < 0). 
Hypothesis b) Individuals who expect negative impacts of climate change for the 
future tend to exhibit lower LS today ( 05,4 <γ , as 03 =γ  denotes neutral climate 
expectations). 
For testing hypotheses a) and b), we use OLS regressions and ordered probit 
regressions as robustness checks. As can be seen from Table 5 in the appendix, part 
of the variable set iX  are personal attitude variables capturing the subjective 
importance of certain topics for the respondent, including environmental issues and 
the individual economic situation. Such attitude variables have proved to be 
important determinants of LS and are beyond that correlated with inherited 
personality traits (Ferrer-i-Carbonell and Gowdy 2007). Therefore they are, from a 
practical perspective, included in the regression analyses as they may work as 
proxies for otherwise unobserved personality trait variables (see for example Welsch 
and Kühling 2010). 
Turning to the proposed indirect effects of damage experiences, the estimation of 
expectations (i.e. the empirical analogue of equation (1b)) becomes relevant: 
iiii WEC 1* εµλκ +⋅+⋅+=        (4) 
, where iC *  is a latent continuous variable capturing climate expectations, and iW  is 
a set of control variables which includes iX  from equation (3) and further variables 
which are assumed to correlate with *C  but not with LS. These variables include 
environmental and political attitudes, and information sources for daily news. The 
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unobserved variable iC *  is transferred to the observed ordinal variable iC  by 
equation (5):  
jCi =   if   jij C ωκω ≤−<− *1 ;        (5) 
5,...,1=j ; −∞=0ω ; +∞=5ω  
, with jω  as the thresholds of the latent variable. As none of the thresholds is fixed to 
a value, they incorporate the constant κ  which has to be subtracted from iC * . 
The functional form of equation (4) and selection of control variables iW  is inspired 
by the literature on climate risk perception or risk awareness, such as Akerlof et al. 
2013, Whitmarsh 2008, and Bichard and Kazmierczak 2012. In these studies, 
experience is often measured by binary variables (having experienced any climate-
related damage or not), as in our empirical application. The intuition behind the 
formulation is that the mere damage experience is the driving force for climate 
expectations, rather than severity or time of the damage occurrence. Furthermore, 
control variables which are expected to correlate with climate change expectations 
and which are measured in most published studies as well as in ours, include socio-
demographic variables, political, environmental, and risk attitudes as well as 
information source. 
If equations (3), (4) and (5) are combined, the empirical model can be extended to a 
recursive system of equations, with equation (5) being the first stage: 
ii
j
ijjii XDELS 2
5
1
εδγβα +⋅+⋅+⋅+= ∑
=
 (6a) 
1=ijD   if   jCi =   ⇔   jiiij WE ωεµλω ≤+⋅+⋅<− 11 ; otherwise  0=ijD  (6b) 
5,...,1=j ; −∞=0ω ; +∞=5ω  
For checking whether an indirect effect of damage experience on SWB is detectable 
in our data, the following term has to be evaluated (which is the empirical analogue to 
equation (2)): 
∑
=
=
+=+=
5
1
)
)Pr(
(*
j i
i
jdirinddir dE
jCd
γββββ      (7) 
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, hence the indirect effect of iE  on iLS  is the sum of marginal effects of iE  on the 
estimated probabilities that observation i  takes the expectation level of j , times the 
marginal effects of these expectation levels on iLS . 
On the basis of the extended empirical model (equation (6a) and (6b)) hypothesis c) 
can be derived:  
Hypothesis c) The effect described in hypothesis a) ( β ) can be divided into a direct 
effect dirβ  from the mere damage experience and an indirect effect indβ  via an 
experience-driven change in expectations towards negative climate impacts ( 0<indβ ; 
0<−= inddir βββ ). 
For estimating the magnitude and significance of the indirect effect indβ , as a first 
step we combine the coefficients from separate regressions of (6a), which is 
estimated by OLS, and (6b) which is an ordered probit model. For deriving the term 
i
i
dE
jCd )Pr( = , one could set the covariates at some representative values and 
calculate the marginal effect for this representative household. However, for some of 
the control variables the choice of a representative value is not obvious, hence we 
use average marginal effects with all covariates as observed.  
As the error terms i2ε  and i1ε  may correlate with each other due to unobserved 
personality traits of the respondents, we also estimate the system of equations (6a) 
and (6b) simultaneously by the user-written Stata command cmp (Roodman 2011). 
This command allows the simultaneous estimation of coefficients with different 
estimation techniques and data levels, while taking account of a possible correlation 
of the error terms. The simultaneous regression also provides an estimate for the 
correlation of the error terms which can be used as an indicator for the necessity of a 
simultaneous approach. 
5. Results 
First, we run a regression of LS without the key variables in order to show the pure 
effects of the control variables. For regressions of LS we use ordinary least squares 
(OLS). We check the robustness of the OLS results by running ordered probit 
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regressions (not reported in detail, all results not reported in detail are available on 
request). As expected, the differences between OLS and ordered probit estimates 
are minor (Ferrer-i-Carbonell and Frijters 2004). For the presentation and discussion 
of the results, we prefer the OLS estimates, as they are more intuitive to interpret and 
highlight eventual differences in the sign and significance levels of estimated 
coefficients for key variables. The results of the controls-only-estimation are 
summarised in Table 6 and Table 7 in the appendix.5 The significant coefficient 
estimates have the expected signs; in particular, the data show a U-shape-effect of 
age, a positive effect of income and high education, and negative effects of 
unemployment and bad status of health. In the ordered probit regressions these 
effects are either confirmed or even higher significant than in the OLS regression.  
In the next step, we include damage experience in the estimation. The respective 
results regarding the key variables are presented in the column “Model 1” in Table 2.6 
The results show that LS decreases significantly with the experience of damages 
caused by heat waves. Damage experience caused by other extreme weather events 
shows negative, albeit insignificant effects on LS. This will be further elaborated in 
the section “Discussion”. 
The specifications named “Model 2a” and “Model 2b” in Table 2 focus on the 
relationship between damage expectations for the future and current LS. The two 
different specifications measure damage expectations by expected general 
consequences on personal living conditions and expected global temperature 
change, respectively. The coefficients for negative expectation levels in terms of 
personal consequences are significant and show the expected signs ( 035,4 =< γγ , 
see equation (3)). Also the temperature expectation variable exhibits the expected 
sign and is statistically significant, however not in the ordered probit specification.7  
5 Table 6 depicts estimation results with all available observations per specification. Table 7 shows the results 
with a reduced sample as it is available in the most comprehensive specification (Model 3). There are no large 
differences with regard to signs and significance levels of the estimates. 
6 Complete results of the regressions are presented in Table 6 (full sample) and Table 7 (reduced sample) in the 
appendix. 
7 The raw data for temperature expectations have been cleaned from outliers as explained in footnote 4. 
Robustness checks with the full sample, after recoding the variable into quartiles in order to account for the 
highly uneven distribution of the full sample data show no differing results.  
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“Model 3” includes all variables on damage experience and damage expectations. 
The estimates of an effect of heat wave experience and expectations of general 
consequences for personal living conditions stay significantly different from zero, 
while the temperature expectation variable does not show a significant effect any 
more. 
In all specifications presented in Table 2, control variables are included. For the full 
estimation results, see Table 6 and Table 7 in the appendix. Table 7 (here the 
sample stays identical across specifications) shows that signs, magnitudes, and 
significance levels of control variables do not change substantially after including the 
climate variables. 
Table 2: OLS regression results. Dependent variable: Life satisfaction (LS). Estimations with robust standard 
errors.  
Variable in 
the model 
Variable in the data Model 1 Model 2a Model 2b Model 3 
Damage 
experience 
(past) 
Participant has already experienced financial or health damage by… 
… heat wave 
-.662*** 
(.159) 
- - 
-.674*** 
(.177) 
… storm 
-.0475 
(.0655) 
- - 
-.0558 
(.0736) 
… heavy rain 
-.0228 
(.0628) 
- - 
.00975 
(.0700) 
… flood 
-.163 
(.0855) 
- - 
-.129 
(.0979) 
Climate 
change 
expectation 
(future) 
Expected consequences of climate change on individual living conditions in the next decades 
- very positive ( 1=j ) - .481 
(.888) 
- 
.549 
(.883) 
- rather positive  ( 2=j ) - -.0253 
(.177) 
- 
-.0981 
(.191) 
- neither positive nor negative( 3=j ) reference group 
- rather negative ( 4=j ) - -.192*** 
(.0579) 
- 
-.179*** 
(.0634) 
- very negative ( 5=j ) - -.509*** 
(.144) 
- 
-.465*** 
(.159) 
Expected global temperature increase by 2100 in 
°C 
- - 
-.0222** 
(.0110) 
-.0162 
(.0119) 
Control variables included included included included 
Observations 4766 4223 4015 3548 
R² .148 .148 .134 .150 
Standard errors in parentheses. The stars (*/**/***) denote significance levels of 10/5/1%, 
respectively. 
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For the identification and quantification of an indirect effect of damage experience on 
LS, we concentrate on the effect of heat waves (however keep the other damage 
variables in the estimations). The expectation variable indicating the expected 
consequences on individual living conditions was shown to be the more relevant for 
LS, so we focus on this variable and omit expected global temperature change from 
the following regressions for reasons of sample size.  
First, let us evaluate the indirect effect via separate regressions of LS and climate 
expectations iC . The LS regression is almost identical to Model 3 in Table 2; the only 
omitted variable is expected global temperature increase (which was insignificant in 
Model 3). Consequently, the results are almost identical in terms of signs, 
magnitudes, and significance levels of coefficients and model fit. Due to less missing 
observations, the sample size increases to N=3954. Complete results are reported as 
“Model 4” in Table 6 and Table 7 in the appendix. 
Key results of the ordered probit estimation of climate damage expectations 
(equation (6b)) are presented in Table 3. Beside all control variables from the LS 
regression, further control variables are included (descriptive statistics see Table 5 in 
the appendix). The results suggest that high personal damage expectations go along 
with low household income, non-homeownership, risk aversion, overweight, pro-
environmental attitudes, left-wing partisanship, not using internet as daily information 
source, and with damage experience by heat waves (all relations are significant at 
least on the 10% level). Note that the same sample has been used as in the separate 
LS regression. 
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Table 3: Ordered probit regression results. Dependent variable: Climate damage expectations (Ci.).  
Variable in the model Variable in the data 
Coefficients (robust 
standard errors) 
Income Ln of Household income in € -.170*** (.0442) 
Homeownership Ownership of the residence -.0837* (.0441) 
Health 
Underweight -.0344 (.233) 
Normal weight reference group 
Overweight .0871** (.0422) 
Obesity .0837 (.0532) 
Personal attitudes 
Own health status is very important .0747* (.0436) 
Protection of the nature and environment is very important .108*** (.0417) 
Combatting climate change is very important .511*** (.0419) 
Stated general time preference (high values: high patience) -.0139* (.00805) 
Stated general willingness to take risks -.0297*** (.00975) 
Partisanship of a left wing party .104*** (.0388) 
Agreement with anthropogenic climate change .397*** (.0393) 
Agreement with building of new coal power plants -.132** (.0515) 
Information source for daily news: Internet -.0800** (.0376) 
Damage experience 
(past) 
Participant has already experienced financial or health damage by… 
… heat wave .291*** (.101) 
… storm .0564 (.0465) 
… heavy rain .0224 (.0451) 
… flood -.0413 (.0622) 
Further control variables (see Table 5 in the appendix) included 
Threshold 1 ( 1ω ) -4.604 (.457) 
Threshold 2 ( 2ω ) -3.439 (.434) 
Threshold 3 ( 3ω ) -1.350 (.430) 
Threshold 4 ( 4ω ) .390 (.429) 
Observations 3954 
Pseudo-R² .0783 
The stars (*/**/***) denote significance levels of 10/5/1%, respectively. 
The results of the ordered probit model enhance the calculation of average marginal 
effects for each climate damage expectation level (see Table 4, column 2). The 
marginal effects show the expected signs, with decreasing probabilities for low 
expectation levels and increasing probabilities for higher expectation levels if heat 
wave damage occurs. Multiplying these probability changes with the LS-effects of the 
respective expectation levels (column 3 of Table 4, taken from Model 4 in Table 6) 
yields the indirect LS-effects of damage experience for each level (column 4 of Table 
4), which in sum amount to the total indirect effect indβ  (see equation (7)). 
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Table 4: Calculation of the indirect effect of damage experience on LS. Robust standard errors of marginal 
effects and coefficients in parentheses.  
Climate damage 
expectation levels (Ci) 
Average marginal effect (change of estimated 
probability with regard to heat wave experience) 
LS-effect of 
expectation level 
Indirect 
effects 
1=iC  
-.00121* 
(.000638) 
.427 
(.901) 
-.000516 
(.00108) 
2=iC  
-.0154*** 
(.00555) 
-.0277 
(.182) 
.000428 
(.00281) 
3=iC  
-.0880*** 
(.0304) 
0 (reference 
group) 
0 
4=iC  
.0727*** 
(.0251) 
-.218*** 
(.0596) 
-.0158*** 
(.00433) 
5=iC  
.0320*** 
(.0112) 
-.469*** 
(.150) 
-.0150*** 
(.00294) 
Sum over expectation levels 
( indβ ) 
n.a. n.a. 
-.0309*** 
(.00713) 
The stars (*/**/***) denote significance levels of 10/5/1%, respectively. Standard errors in column 4 
have been calculated manually using the error propagation formulas given in Taylor (1997).Hence, 
the indirect effect of past damage experience on LS via the channel of future damage 
expectations is small, but significantly different from zero (p<.01). Compared to the 
total effect β , the indirect effect amounts to ca. 5% of the total effect.  
In the next step, we repeat the two regressions (on LS and damage expectations) in 
a simultaneous equations model using the Stata command cmp by Roodman (2011). 
The results (available upon request) do not confirm a correlation of the error terms, 
indicating that a simultaneous estimation of the two regressions is not necessary. 
However, if conducted, the simultaneous estimation shows similar results as 
presented above. The indirect effect is small but existent (albeit on a lower 
significance level, p<.1).  
6. Discussion of Results 
The presented results allow novel insights into the interrelationships of life 
satisfaction (LS), damage experience due to EWE, and worry about future climate 
change (damage expectations). We will discuss the following topics separately: LS-
effects of damage experience, LS-effects of damage expectations, and finally the 
disentangling of direct and indirect LS-effects of damage experience. 
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LS-Effects of Damage Experience 
It was shown that the experience of financial or health damage due to heat waves in 
the past has a significant and non-negligible effect on current LS, keeping everything 
else equal (Model 1 and Model 3 in Table 2). The effect – which is robust over all 
specifications – is in the same order of magnitude like being unemployed.8 This result 
is even more striking as damage experiences from other extreme weather events 
(floods, storms, and heavy rain) do not show significant effects on LS.9 The 
discrepancy could be explained by the fact that damages due to heat waves are 
presumably rather health-related, whereas damages from the other events are rather 
of a financial nature. Recall that health-related damage was defined by the necessity 
of consulting a doctor, while financial damage was not restricted by a lower limit. 
Hence, heat wave damages could be per se more severe than (possibly low 
financial) damages from the other events. Furthermore, material damages may be 
more easily compensated either by savings or by insurance companies. In Germany, 
there is a private insurance market for storm and hail damage covering almost all 
private homes. In case of floods, the insurance density is lower (around 30%), which 
repeatedly has brought the government to release substantial relief payments. The 
fact that direct financial compensation is generally possible in case of material 
damage is an important difference to health-related effects, as heat waves 
presumably have. Another explanation focusses on the temporal dimension. 
Possibly, health-related damages exhibit enduring effects on LS, while financial 
damages have only temporary implications for LS.10 As we do not know when the 
damages in our sample occurred, we can only speculate on this issue but in our view 
it is a plausible assumption that the missing (significant) effect of financial damages is 
due to this discounting phenomenon, whereas health-related damage has a LS-effect 
8 The inclusion of various interaction variables (age, sex, health status, farmer households) showed no 
significant interaction with the LS-effect of experiencing heat wave damage. Figure 2 in the appendix shows 
that Germany’s summer mean temperatures indeed varied considerably in the last 20 years. Locally, the 
variations were even larger. 
9 There is still no significant LS-effect of damage experience when flood, storm, and heavy rain damage 
experiences are aggregated to one variable. 
10 Extreme heat exposure may aggravate several chronic diseases, including cardiovascular, respiratory, renal 
and gastroenterology diseases (Centres for Disease Control and Prevention (2010), Hansen et al. (2008), 
Manser et al. (2013)).  
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which is lasting longer than financial losses. We see, however, scope for further 
research on the temporary dimensions of LS-effects of extreme weather events. 
Another caveat of the dataset is the limited information on the health status of 
participants, although health should be captured to some extent by the control 
variables body-mass-index, outdoor activities and risk aversion regarding health. 
LS-Effects of Damage Expectations 
The relationships of expectations regarding future climate change impacts and 
current LS were analysed using two different specification notions of expectations. 
Those participants who expect adverse effects of climate change on individual living 
conditions in the next decades, tend to be less satisfied (Model 2a in Table 2). The 
magnitude of the relationship is a bit lower than the effect of damage experience but 
highly significant. This means that concern about future climate impacts on personal 
living conditions affects LS even today by a non-negligible amount. A qualitatively 
similar, albeit less significant relationship can be observed when another measure for 
expectations is used, namely the expected mean global temperature increase by 
2100 (Model 2b in Table 2). This formulation of the expectations does not require that 
the participants are personally affected – it is rather the concern about global climate 
change in general which causes the LS to decline here. This suggests that the former 
measure of expectations, namely the expected severity of future climate impacts on 
personal living condition in the next decades, exhibits the strongest and most robust 
relationship to current LS. Regressions with both expectation variables confirm this 
notion since only the former variable keeps significant estimates – beside those for 
damage experience from heat waves (Model 3 in Table 2). Hence in our sample, the 
LS-effect of concern about global climate change can be fully captured by the effect 
of expected consequences of climate change which are directly relevant for the 
participant.  
Direct and Indirect LS-Effects of Damage Experience 
As presented in the introduction, previous literature has demonstrated that 
experiences of climate-induced EWE may influence LS. The explicit inclusion of 
damage expectations for the future provides a deeper analysis of this relationship. 
Our empirical results suggest that the LS-effect of damage experiences can indeed 
be divided into a direct effect, induced by the mere loss experienced in the past and 
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a significant indirect effect via the channel of damage expectation for the future. This 
means hypothesis c) stated in the theory part is not rejected by our data. However, 
the estimations of the indirect effect show that, although direct and indirect effects are 
significant, the indirect effect is very small compared to the total effect (around 5%). 
This suggests that the LS-effect of climate damage experience stems mainly from the 
mere past damage experience and only to a small part from the experience-driven 
change in future damage expectations. 
Climate Damage Expectations and Personal Attitudes 
For estimating the effect of heat wave experience on climate expectations, an 
ordered probit regression has been conducted which – beside extreme weather 
experience – includes all controls of the LS regressions and a number of additional 
variables. The results shall briefly be reviewed here.  
Our data suggest that individuals with high personal climate damage expectations 
can by tendency be characterised as follows: Politically, they are partisans of left-
wing parties. They have strong pro-environmental attitudes, such as rating the 
importance of environmental protection and the combat against global climate 
change as very high, stating that climate change is mainly induced by mankind, and 
disliking new coal power plants. Furthermore, they are generally risk averse, have a 
higher than normal body-mass-index, and prefer other sources than internet for being 
informed about daily news. Economically, they are less well-situated, with relatively 
low income and no homeownership. 
Apart from heat waves, damage experiences with extreme weather events do not 
show a significant effect on damage expectations. Our data do not confirm an effect 
of further socio-demographic variables on climate expectations, such as sex, 
education, occupation or family status. 
Regarding the political and environmental attitudes, our data broadly confirm 
empirical results from previous studies (Brody et al. 2008; Leiserowitz 2006; Liu et al. 
2014; Owen et al. 2012; Safi et al. 2012; Whitmarsh 2008). However, the significant 
negative effect of income on concern is mostly not present in previous studies.  
7. Conclusions 
This paper deals with the triangular interrelationships of damage experience in the 
past, climate-change-induced damage expectations for the future, and current 
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subjective well-being (SWB). In particular, the following research questions are 
pursued: How does damage experience in the past affect current SWB? How do 
damage expectations for the future relate to current SWB? Is there an indirect effect 
of damage experience via the channel of damage expectations on SWB and – if 
present – how large is it? In particular the two last questions have rarely been 
addressed in the literature. 
To answer these questions, we utilise data from a new large-scale survey amongst 
German households and perform various regression analyses. 
The results can be summarised as followed. We find a strong and significant effect of 
heat wave damage experience on current SWB, whereas we do not find significant 
effects of other damage experience due to other extreme weather events (storms, 
hail and heavy rain, and floods). There are several possible interpretations for this 
insight, ranging from the possibility to insure material damage but not health damage 
to a discounting effect which is rather expected for material damage than for health-
related effects. We also find a significant and robust relationship between climate 
change-induced damage expectations in the future with current SWB. This 
phenomenon is more pronounced and significant if climate change expectations are 
framed as individual climate change impacts than if the global climate change 
impacts are stressed. To our knowledge, this is the first analysis relating climate 
change-induced damage expectations with current SWB. Furthermore, the SWB-
effect of experiences can be disentangled into a direct effect from the mere damage 
event and a small but significant indirect effect which affects current SWB via the 
channel of damage expectations for the future. The estimated ratio of this indirect 
effect over the total effect is around 5%.  
The results suggest several directions for further research: First, the strong and 
robust SWB-effect of heat waves (as such, but also compared to the non-significant 
effects of other weather events) deserves a deeper analysis. One possibility is to 
analyse whether insurance coverage is able to attenuate or even offset SWB-effects 
of financial weather damage and/or how fast individuals adjust to material damage 
(discounting effect). Second, the relationship between individual SWB and future-
regarding climate change expectations seems to be a relevant factor which has been 
understudied so far – not least for the acceptance of climate policies. Eventually, 
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differences between countries could be established in international analyses of this 
relationship. We believe the present study is a first step in this regard. 
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Appendix 
Table 5: Descriptive statistics of control variables. Control variables for LS regressions are included in Xi; all 
control variables are included in Wi. 
Variable in the 
model 
Variable in the data Mean Min. Max. Obs. 
Incl. 
in Xi 
Age Age 50.6 18 87 6404 Yes 
Sex Sex  .324 0 (male) 1 (female) 6404 Yes 
Family status 
Married, living together .524 
0 (no) 1 (yes) 6341 Yes 
Married, living separately .032 
Single .288 
Divorced .123 
Widowed .033 
Successors 
Children  .660 
0 (no) 1 (yes) 
5994 
Yes 
Grandchildren .219 6046 
Education 
Graduated from “Hauptschule” or not graduated .147 
0 (no) 1 (yes) 6016 Yes Graduated from “Realschule” or rest .376 
Graduated from high school or university .477 
Occupation 
Full-time employed .603 
0 (no) 1 (yes) 5967 Yes 
Part-time employed .139 
Retired .220 
Unemployed, searching for employment .014 
Housewife /-husband .005 
Other unemployed .019 
Income Ln of Household income in € 7.824 5.521 8.657 5186 Yes 
Homeownership Ownership of the residence .555 0 (no) 1 (yes) 6182 Yes 
Personal 
attitudes 
Own financial situation is very important .478 
0 (not very 
important) 
1 (very 
important) 
6396 Yes 
Own health status is very important .620 6398 Yes 
Protection of the nature and environment is very 
important 
.426 6397 Yes 
Security from crimes is very important .490 6397 Yes 
Combatting climate change is very important .522 6389 No 
Stated general time preference (high values: high 
patience) 
6.883 1 11 6394 Yes 
Stated general willingness to take risks  5.826 1 11 6394 Yes 
Stated willingness to take risks regarding own 
health 
4.394 1 11 6392 Yes 
Partisanship of a left wing party .390 
0 (no) 1 (yes) 
5990 No 
Agreement with statement “Humans are mainly 
responsible for climate change” 
.419 6007 No 
Agreement with building of new coal power plants .189 6251 No 
Information source for daily news: Internet .523 6004 No 
Federal state 16 Dummy variables for each state n.a. 0 1 6404 Yes 
Health 
BMI less than 18.5 (underweight) .006 
0 (no) 1 (yes) 5713 Yes 
BMI between 18.5 and 25 (normal) .374 
BMI between 25 and 30 (overweight) .435 
BMI higher than 30 (obesity) .184 
Daily outdoor leisure activities .301 0 (no) 1 (yes) 6256 Yes 
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Table 6: OLS regression results. Dependent variable: Life Satisfaction (LS). Sample size varies, according to 
available observations. 
Variable in 
the model 
Variable in the data 
Coefficients (robust standard errors) 
Controls 
only 
Model 1 Model 2a Model 2b Model 3 Model 4 
Age 
Age 
-.0835*** 
(.0167) 
-.0826*** 
(.0168) 
-.0871 
(.0178) 
-.0973*** 
(.0185) 
-.102*** 
(.0195) 
-.0886*** 
(.0184) 
Age² 
.0008*** 
(.0002) 
.0008*** 
(.0002) 
.0009*** 
(.0002) 
.0010*** 
(.0002) 
.0010*** 
(.0002) 
.0008*** 
(.0002) 
Sex Sex (1 = female) 
.233*** 
(.0648) 
.245*** 
(.0648) 
.215*** 
(.0692) 
.143* 
(.0737) 
.142* 
(0772) 
.256*** 
(.0711) 
Family 
status 
Married, living together 
-.0068 
(.0925) 
-.0142 
(.0928) 
.0567 
(.0989) 
.0050 
(.102) 
.0761 
(.108) 
.110 
(.103) 
Married, living separately 
-.0069 
(.159) 
-.0009 
(.158) 
.0454 
(.168) 
-.0270 
(.180) 
-.0104 
(.188) 
.0605 
(.174) 
Single Reference group 
Divorced 
-.185* 
(.112) 
-.168 
(.112) 
-.147 
(.119) 
-.183 
(.125) 
-.127 
(.131) 
-.122 
(.124) 
Widowed 
-.171 
(.179) 
-.160 
(.181) 
-.304 
(.189) 
-.267 
(.203) 
-.389* 
(.213) 
-.243 
(.197) 
Successors 
Children (1 = Yes) 
.0490 
(.0771) 
.0630) 
(.0774) 
.0294) 
(.0814) 
.0806 
(.0843) 
.0504 
(.0876) 
.0122 
(.0845) 
Grandchildren (1 = Yes) 
.0876 
(.0780) 
.101 
(.0782) 
.0725 
(.0821) 
.0391 
(.0862) 
.0300 
(.0894) 
.0718 
(.0846) 
Education 
Graduated from “Hauptschule” 
or not graduated 
.0850 
(.0843) 
.0691 
(.0841) 
.0803 
(.0907) 
.0976 
(.0934) 
.0853 
(.0982) 
.122 
(.0925) 
Grad. from “Realschule” or rest Reference group 
Grad. from high school or 
university 
.146** 
(.0613) 
.142** 
(.0615) 
.112* 
(.0647) 
.141** 
(.0674) 
.124* 
(.0706) 
.105 
(.0668) 
Occupation 
Full-time employed Reference group 
Part-time employed 
.00947 
(.0890) 
.0241 
(.0889) 
.0606 
(.0938) 
.0487 
(.0988) 
.0946 
(.104) 
.0527 
(.0977) 
Retired 
.328*** 
(.102) 
.328*** 
(.101) 
.334*** 
(.110) 
.274** 
(.112) 
.249** 
(.118) 
.336*** 
(.111) 
Unemployed, searching for 
employment 
-.618** 
(.268) 
-.594** 
(.265) 
-.472* 
(.271) 
-.636** 
(.299) 
-.465 
(.299) 
-.445 
(.279) 
Housewife /-husband 
.0137 
(.401) 
-.0214 
(.401) 
-.0191 
(.447) 
-.311 
(.499) 
-.338 
(.538) 
-.0620 
(.473) 
Other unemployed, not 
searching for employment 
.313 
(.227) 
.343 
(.229) 
.226 
(.241) 
.322 
(.253) 
.248 
(.262) 
.199 
(.252) 
Income Ln of Household income in € 
.777*** 
(.0658) 
.782*** 
(.0662) 
.7775*** 
(.0696) 
.778*** 
(.0740) 
.776*** 
(.0775) 
.797*** 
(.0733) 
Homeowner
ship 
Ownership of the residence 
.201*** 
(.0636) 
.197*** 
(.0636) 
.148** 
(.0681) 
.165** 
(.0710) 
.118 
(.0754) 
.110 
(.0700) 
Health 
Underweight 
-.677 
(.435) 
-.639 
(.434) 
-.688 
(.449) 
-.284 
(.536) 
-.219 
(.556) 
-.572 
(.481) 
Normal weight Reference group 
Overweight 
-.0545 
(.0601) 
-.0389 
(.0600) 
-.101 
(.0633) 
-.0555 
(.0668) 
-.076 
(.0688) 
-.0914 
(.0646) 
Obesity 
-.152** 
(.0765) 
-.128* 
(.0765) 
.206** 
(.0812) 
-.152* 
(.0837) 
-.161* 
(.0869) 
-.199** 
(.0838) 
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Variable in 
the model 
Variable in the data 
Coefficients (robust standard errors) 
Controls 
only 
Model 1 Model 2a Model 2b Model 3 Model 4 
Daily outdoor leisure activities 
.192*** 
(.0606) 
.208*** 
(.0608) 
.189*** 
(.0643) 
.195*** 
(.0671) 
.211*** 
(.0699) 
.195*** 
(.0664) 
Personal 
attitudes 
Own financial situation is very 
important 
-.188*** 
(.0588) 
-.193*** 
(.0590) 
-.0190*** 
(.0627) 
-.140** 
(.0648) 
-.161** 
(.0683) 
-.153** 
(.0647) 
Own health status is very 
important 
.126** 
(.0608) 
.121** 
(.0609) 
.163** 
(.0649) 
.139** 
(.0670) 
.153** 
(.0704) 
.153** 
(.0667) 
Protection of the nature and 
environment is very important 
.0419 
(.0557) 
.0425 
(.0558) 
.0522 
(.0596) 
.0504 
(.0616) 
.0609 
(.0648) 
-.0354 
(.0612) 
Security from crimes is very 
important 
.0569 
(.0570) 
.0648 
(.0574) 
.0227 
(.0608) 
.0567 
(.0625) 
.0394 
(.0663) 
-.0140 
(.0631) 
Stated general time preference 
(high values: high patience) 
.842*** 
(.0122) 
.0841*** 
(.122) 
.0790*** 
(.0131) 
.0806*** 
(.0135) 
.0753*** 
(.0143) 
.0829*** 
(.0135) 
Stated general willingness to 
take risks 
.160*** 
(.0152) 
.162*** 
(.0153) 
.152*** 
(.0164) 
.145*** 
(.0168) 
.143*** 
(.0178) 
.149*** 
(.0168) 
Stated willingness to take risks 
regarding own health 
-.0727*** 
(.0135) 
-.0732*** 
(.0136) 
-.0704*** 
(.0147) 
-.0685*** 
(.0148) 
-.0668*** 
(.0158) 
-.0764*** 
(.0152) 
Federal 
state 
15 Dummy variables, reference 
group: Bavaria 
Included 
Damage 
experience 
(past) 
Participant has already experienced financial or health damage by… 
… heat wave - 
-.662*** 
(.159) 
- - 
-.674*** 
(.177) 
-.581*** 
(.171) 
… storm - 
-.0475 
(.0655) 
- - 
-.0558 
(.0736) 
-.0637 
(.0702) 
… heavy rain - 
-.0228 
(.0628) 
- - 
.00975 
(.0700) 
.0123 
(.0673) 
… flood - 
-.163* 
(. 855) 
- - 
-.129 
(.0979) 
-.154 
(.0931) 
Climate 
change 
expectation 
(future) 
Expected consequences of climate change on individual living conditions in the next decades 
- very positive - - 
.481 
(.888) 
- 
.549 
(.883) 
.427 
(.901) 
- rather positive - - 
-.0253 
(.177) 
- 
-.0981 
(.191) 
-.0277 
(.182) 
- neither positive nor 
negative 
Reference group 
- rather negative - - 
-.192*** 
(.0579) 
- 
-.179*** 
(.0634) 
-.218*** 
(.0596) 
- very negative - - 
-.509*** 
(.144) 
- 
-.465*** 
(.159) 
-.469*** 
(.150) 
Expected global temperature 
increase by 2100 in °C 
- - - -.0222** 
(.0110) 
-.0162 
(.0119) 
- 
Constant 
1.553*** 
(.619) 
1.567** 
(.624) 
1.837*** 
(.656) 
1.998*** 
(.690) 
2.335*** 
(.725) 
1.838** 
(.688) 
Observations 4826 4766 4223 4015 3548 3954 
R² .141 .148 .148 .134 .150 .152 
Robust standard errors in parentheses. The stars (*/**/***) denote significance levels of 10/5/1%, 
respectively.  
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Table 7: OLS regression results. Dependent variable: Life Satisfaction (LS). Sample fixed to the model with the 
lowest number of observations (Model 3, N=3548). 
Variable in 
the model 
Variable in the data 
Coefficients (robust standard errors) 
Controls 
only 
Model 1 Model 2a Model 2b Model 3 Model 4 
Age 
Age 
-.108*** 
(.0196) 
-.104*** 
(.0195) 
-.106*** 
(.0195) 
-.107*** 
(.0196) 
-.102*** 
(.195) 
-.102*** 
(.0194) 
Age² 
.00110*** 
(.000204) 
.00106*** 
(.000203) 
.00108*** 
(.000204) 
.00109*** 
(.000205) 
.00103*** 
(.000203) 
.00104*** 
(.000203) 
Sex Sex (1 = female) 
.135* 
(.0773) 
.142* 
(.0773) 
.132* 
(.0772) 
.142* 
(.0774) 
.143* 
(.0772) 
.138** 
(.0772) 
Family 
status 
Married, living together 
.0919 
(.109) 
.0757 
(.108) 
.0908 
(.108) 
.0928 
(.109) 
.0761 
(.108) 
.0752 
(.108) 
Married, living separately 
.00997 
(.190) 
.0191 
(.188) 
-.0260 
(.190) 
.0172 
(.190) 
-.0104 
(.188) 
.0167 
(.188) 
Single Reference group 
Divorced 
-.119 
(.131) 
-.123 
(.131) 
-.121 
(.131) 
-.120 
(.132) 
-.127 
(.131) 
-.126 
(.131) 
Widowed 
-.382* 
(.213) 
-.349 
(.214) 
-.429** 
(.211) 
-.377* 
(.213) 
-.389* 
(.213) 
-.394* 
(.213) 
Successors 
Children (1 = Yes) 
.0475 
(.0878) 
.0548 
(.0876) 
.0447 
(.0878) 
.0455 
(.0878) 
.0504 
(.0876) 
.0518 
(.0875) 
Grandchildren (1 = Yes) 
.0255 
(.0900) 
.0339 
(.0901) 
.0216 
(.0893) 
.0259 
(.0899) 
.0300 
(.0894) 
-.0296 
(.0895) 
Education 
Graduated from “Hauptschule” 
or not graduated 
.0943 
(.0989) 
.0877 
(.0985) 
.0890 
(.0986) 
.0978 
(.0988) 
.0853 
(.0982) 
.0828 
(.0983) 
Grad. from “Realschule” or rest Reference group 
Grad. from high school or 
university 
.128* 
(.0707) 
.135* 
(.0705) 
.120* 
(.0707) 
.120* 
(.0708) 
.124* 
(.0706) 
.129* 
(.0705) 
Occupation 
Full-time employed Reference group 
Part-time employed 
.0720 
(.104) 
.0823 
(.104) 
.0829 
(.104) 
.0759 
(.103) 
.0946 
(.104) 
.0928 
(.104) 
Retired 
.225* 
(.119) 
.235** 
(.118) 
.236** 
(.119) 
.232* 
(.119) 
.249** 
(.118) 
.245** 
(.118) 
Unemployed, searching for 
employment 
-.558* 
(.308) 
-.522* 
(.301) 
-.525* 
(.304) 
-.516* 
(.307) 
-.465 
(.299) 
-.492 
(.299) 
Housewife /-husband 
-.319 
(.560) 
-.350 
(.560) 
-.326 
(.541) 
-.296 
(.553) 
-.338 
(.538) 
-.355 
(.542) 
Other unemployed, not 
searching for employment 
.156 
(.267) 
.246 
(.259) 
.168 
(.269) 
.150 
(.267) 
.248 
(.262) 
.254 
(.262) 
Income Ln of Household income in € 
.798*** 
(.0779) 
.795*** 
(.0777) 
.780*** 
(.0776) 
.793*** 
(.0780) 
.776*** 
(.0775) 
.779*** 
(.0775) 
Homeowner
ship 
Ownership of the residence 
.131* 
(.0758) 
.139* 
(.0753) 
.111 
(.0759) 
.126* 
(.0757) 
.118 
(.0754) 
.120 
(.0755) 
Health 
Underweight 
-.277 
(.572) 
-.204 
(.565) 
-.290 
(.561) 
-.275 
(.575) 
-.219 
(.556) 
-.219 
(.553) 
Normal weight Reference group 
Overweight 
-.0959 
(.0689) 
-.0848 
(.0687) 
-.0886 
(.0689) 
-.0917 
(.0690) 
-.0760 
(.0688) 
-.0783 
(.0687) 
Obesity 
-.204** 
(.0880) 
-.175** 
(.0875) 
-.192** 
(.0873) 
-.196** 
(.0879) 
-.161* 
(.0869) 
-.165* 
(.0870) 
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Variable in 
the model 
Variable in the data 
Coefficients (robust standard errors) 
Controls 
only 
Model 1 Model 2a Model 2b Model 3 Model 4 
Daily outdoor leisure activities 
.205*** 
(.0702) 
.214*** 
(.0699) 
.203*** 
(.0702) 
.205*** 
(.0702) 
.211*** 
(.0699) 
.211*** 
(.0699) 
Personal 
attitudes 
Own financial situation is very 
important 
-.160** 
(.0686) 
-.163** 
(.0683) 
-.159** 
(.0685) 
-.157** 
(.0686) 
-.161** 
(.0683) 
-.163** 
(.0682) 
Own health status is very 
important 
.143** 
(.0710) 
.140** 
(.0706) 
.154** 
(.0707) 
.147** 
(.0711) 
.153** 
(.0704) 
.151** 
(.0704) 
Protection of the nature and 
environment is very important 
.00789 
(.0643) 
.0154 
(.0641) 
.0533 
(.0649) 
.0136 
(.0645) 
.0609 
(.0648) 
.0589 
(.0648) 
Security from crimes is very 
important 
.0402 
(.0665) 
.0433 
(.0664) 
.0363 
(.0663) 
.0402 
(.0664) 
.0394 
(.0663) 
.0391 
(.0663) 
Stated general time preference 
(high values: high patience) 
.0800*** 
(.0145) 
.0777*** 
(.0144) 
.0775*** 
(.0144) 
.0798*** 
(.0145) 
.0753*** 
(.0143) 
.0753*** 
(.0143) 
Stated general willingness to 
take risks 
.144*** 
(.0179) 
.146*** 
(.0178) 
.141*** 
(.0178) 
.144*** 
(.0179) 
.143*** 
(.0178) 
.143*** 
(.0178) 
Stated willingness to take risks 
regarding own health 
-.0675*** 
(.0159) 
-.0676*** 
(.0158) 
-.0662*** 
(.0159) 
-.0681*** 
(.0158) 
-.0668*** 
(.0158) 
-.0663*** 
(.0158) 
Federal 
state 
15 Dummy variables, reference 
group: Bavaria 
Included 
Damage 
experience 
(past) 
Participant has already experienced financial or health damage by… 
… heat wave 
- -.708*** 
(.179) 
- - -.674*** 
(.177) 
-.684*** 
(.177) 
… storm 
- -.0600 
(.0739) 
- - -.0558 
(.0736) 
-.0561 
(.0736) 
… heavy rain 
- .00594 
(.0701) 
- - .00975 
(.0700) 
.00788 
(.0699) 
… flood 
- -.127 
(.0984) 
- - -.129 
(.0979) 
-.128 
(.0980) 
Climate 
change 
expectation 
(future) 
Expected consequences of climate change on individual living conditions in the next decades 
- very positive 
- - .548 
(.902) 
- .549 
(.883) 
.556 
(.909) 
- rather positive 
- - -.0815 
(.190) 
- -.0981 
(.191) 
-.0976 
(.190) 
- neither positive nor 
negative 
Reference group 
- rather negative 
- - -.189*** 
(.0631) 
- -.179*** 
(.0634) 
-.189*** 
(.0630) 
- very negative 
- - -.513*** 
(.159) 
- -.465*** 
(.159) 
-.480*** 
(.158) 
Expected global temperature 
increase by 2100 in °C 
- - - -.0238** 
(.0118) 
-.0162 
(.0119) 
- 
Constant 
2.060*** 
(.727) 
2.030*** 
(.725) 
2.298*** 
(.725) 
2.182*** 
(.728) 
2.335*** 
(.725) 
2.262*** 
(.724) 
Observations 3548 3548 3548 3548 3548 3548 
R² .139 .145 .144 .140 .150 .150 
Robust Standard errors in parentheses. The stars (*/**/***) denote significance levels of 10/5/1%, 
respectively. 
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Table 8: Questions and answer options of the key variables LS, damage experience, and damage expectations 
(translated from German). The “don’t know”-option was possible in each question. 
Variable in the data Question Options 
Self-rated life 
satisfaction 
In general, how satisfied are you currently with your 
life? 
Eleven categories, of which the lowest 
is named “totally dissatisfied” and the 
highest “totally satisfied” 
Damage experience 
from extreme 
weather events 
In the following various natural events are listed. 
Please mark each which you have personally 
experienced at home, at work or during a journey. 
- Heat waves (e.g. such that you did 
not want to be outside and 
changed your plans accordingly) 
- Storms (e.g. such that you have 
avoided leaving your home) 
- Heavy rain or hail (e.g. such that 
you have worried about your car, 
garden or house) 
- Floods or inundation 
If one or more of the events have been marked, the 
marked events have been presented again with this 
follow-up question: 
Please mark now for each event, whether you have 
suffered any financial or health damage (with 
consultation of a doctor) from the event. 
Expected 
consequences of 
climate change on 
individual living 
conditions in the 
next decades 
According to your assessment, which consequences 
will climate change have for your very personal living 
conditions in the next decades? 
- Very positive consequences  
- Rather positive consequences 
- Broadly equally negative and 
positive consequences 
- Rather negative consequences 
- Very negative consequences 
Expected global 
temperature 
increase by 2100 
According to your assessment, how is the average 
global temperature changing by 2100 (relative to the 
preindustrial times, i.e. ca. 1850) 
- It is going to fall 
- It is going to stay broadly the same 
- It is going to rise 
If “Rise” or “Fall” was chosen, this follow-up-question 
was posed: 
And by how much do you expect it to rise/fall (in °C)? 
For remembrance: We are talking about the average 
global temperature change by 2100 relative to 
preindustrial times, i.e. ca. 185. 
All numerical values were allowed. The 
unit was fixed to °C. 
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Figure 2: Mean air temperature in June, July and August between 1990 and 2012 in Germany. Source: DWD 
(2014). 
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